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GLOSSARY

BE\( Battery electric vehicleAvehicle powered exclusively by electricity (such as a Nissan LEAF).

CCS Combined charging systeffihis is a DC fast charging standard supported by Volkswagen,
General Motors, BMW, Daimler, Ford, FCA, Taslkd Hyundai.

CHAdeMQ This is a DC fast clygng standard developed faparthat goes up to 62.5 kWoriginally
supported byNissan, Mitsubishi, and Fijeavy Industries (which manufactures Subaru vehicles).
Toyotalater supported the standard as well, and Tesla sells an adafitaving its vehiles to use
CHAdeMO chargers.

Charging infrastructure; Above and belowground equipmentndwiring that supports charging
vehicles. In this document, charging infrastructure refers to both the charging statitoany utility
or customer makeeady ne@led for the station.

Connector¢ The component of ahargingstation that connects with the vehicle and provides
electricity.Connectolis sometimes used interchangeably withO K | NEES 2L0B8péylLie K& & & G dzR&

0KS @pRIRR Rg&&.
DCFG, Directcurrent (DC) fast charging equipmeBCFCs asometimes called D&\el3 (typically
208/480V AC threghase inputandenablerapid charging of aelectric vehicle

Decarbonizeg The process of planning and implementing strategie®tiuce carbon dioxide emissions
within a jurisdiction.

Electrification¢ The switching of processes typically powered by a fossil fuel source (gasoline, diesel, or
any other derivative of oil) to electricity.

EV¢ Electric vehicleAvehicle powered, at least in part, by electricity. Unless otherwise noted, the term
a 9 in¢his report refers to all plugn vehicles and includes BEVs and gtubybrid electric vehicles
(PHEVZefined below® ¢ KS GSNY a9zx¢ AdyadSyS0aNADE IEKAKOT S dri

EVIPro Litec Analytical platform developed by the National Remde Energy Laboratory (NREL) used
to estimate the number of chargers needed for a given electric vehicle population in jurisdictions across
the country. Available at: https://afdc.energy.gov/gwio-lite.

EVSR, Electricvehicleserviceprovider. AnEVSP provides the connectivity across a network of charging
stations. Connecting to a central server, they manage the software, database, and communication
interfaces that enable operation of the station.

GHG¢ Greenhouse gas$ases that trap heat in tharaosphere, such as carbon dioxide, methane, and
nitrous oxide.

ICEV( Internal combustion engineehicle. Avehicle that combusts fuel, such as gasoline or diesel, for
power.

kW ¢ Kilowatt Aunit of power.

kWh ¢ Kilowatt-hour. Aunit of energy.
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Level 1 station ¢ AC kvell station (often

referred to simply asdvell). Provides : .
charging through a 120V AC port. Charglng Station

Level 2 station ¢ AC kvel2 station. Ofers ( )

charging through 208V (typical in commercial = = i~

applications) to 240V (typical in residential

applicatins) electrical service. =) - =) - =) - Plug

o o .y __—

. &

Level3 stationc¢ see DCFC.

Make-ready ¢ work or costs associated with

connecting a charging statida the electricity

grid. d d d

MFD¢ Multifamily dwelling. Also called \ J

GYdaizfiAlG RoSEfAyIasE !

condominiums, angroup quarters. The other Station Plaza

major housing category used in this report is

singlefamily homes. Figurel. Imageof station, port, and

station plaza.
Micromobility ¢ Micromobility refers to small, manually, or electrically powered vehicles used to travel
short distances. Examples include bicyclesiogclesscooters, escooters, onevheels, and
skateboards.

PHE\, Plugin hybrid electric vehicleA \ehicle powered by electricity or an internal combustion engine.

Plugg The component of a station that connects with the vehicle and provides electricity. Plug is
d2YSGAYSEA dzZaSR Ay (i SNIKIl v DKIF dNEESNIMde @RINE0 2 3/ &ROd 2dwd S &
fplugh ¢ Hig&&.

Port ¢ The component of a station that connects witte vehicle and provides electricity. Port is
d2YSGAYSA dzZa&SR Ay UGSNOKIF y3IS| dotutnentlZ R  di GolBghy & RBXSNE 2
Figurel.

Publicg Publiclyaccessible.
ROW¢ Rightof-way.

Shared Mobility¢ The shared use of any form of transportatiobicycle, scooter, motorcycle, ICEV, or
EM in a way that reduces the need for personal owngpstii these vehicles and devices.

Station¢ A standalone piece of equipment capable of charging a vehicle. Station is sometimes used
AYUGSNOKIFy3ISIofte gA0GK GOKIFNASNEE aLBiRERIFt ¢ aYl OK

Station plaza; A set of one or more stations at a single location operated by the same EV service
provider.SeeFigurel.

TOU rateg; Time of use electricity rates that typically trade highermaak rates for lower ofpeak
rates. They can be designed for residential customers in general, or specifically for EV charging.
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USDOKE( United Sates Department of Energy.

Well-to-wheelsg A complete vehicle fuatycle analysis that includes the emissions associated with fuel
mining, transport, and production (wetb-tank), as well as vehicle operation (tattkwheels).
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EXECUTIVE SUMMARY

This document the AlexandriaElectric Vehicle Charging Infrastructure Readiness StréagyS3)

outlines opportunities for advancing electric vehicle charging infrastructure in the City of Alexandria. The
document summarizes current electric vehicle charging infrastructure and describes locations and
opportunities for future stations. Recommendat®are based on a combination of virtual public
engagement surveys, a spatial analysis, a review of the literature, and expert input.

ThisEVR&chieves several objectives

1 Evaluaesprojections for current and future electric vehicle charging infrastructure needs
(Chapter 4

f  Recommendlocations for publiclyaccessible charging infrastructuretlwintegration into a
broader regional electric vehicle charging infrastructure netw@kapter 6

1 Recommendcharging infrastructure options, including hardwareskmess ownership, operation
models, interoperability, and operations and maintenance soluti@igpter 2and Chapter ¥

1 Reviewsthech e Qa T 2yAy3ds O2RSaz LioNdithiavelopment | YR Ay aL
processes and requirement® recommend updated or new language to promote and anticipate
electric vehicle chargingeeds(Chapter land Chapter 7

1 Recommendpolicies, approaches, and synergfer locating electric vehicle charging
infrastructure at businesses, muéimily dwellings(MFD) singlefamily homes, righbf-way
(ROW) areasand other locationgChapter 7

This EVRS also discusses potenyizégies withthd A 1 @ Q& St S OG NBuoh a@teDkivng S A Y A
Alexandria Safely Honmero emission bus projects. dICity identified this EVRIS key to advariag
smart mobilityand Environmental Action Plan 204@als.

TheEVRSevelopment process launched in February 2020 with information and cooidinateetings

with necessary City departments, and research and data collection on the City's various transportation
plans and initiatives. In April 2020, due to the cancellation ofessential iRperson community

meetings, City staff provided a precorded presentation and opportunity for the Alexandria

community and interested stakeholders the opportunity to provide input and feedback. In July 2020, the
City sought further community input via an online survey that sought to evaluate charging needs and t
help evaluate locations for publiegccessible chargers

WHATIS AN ELECTRIC VEHICLE?

Electric vehicles plug into an electrical outlet to charge (for energy) and include both battery electr
vehicles (BEVs) and ptighybrid electric vehicles (PHEVS). Nationwide, the electric vehicle populat
reached 1.Imillion cumulative sales in 2019 and had a 1% new vehicle sales share. In comparison
Alexandria had over 500 cumulative electric vehicle sales in 2019 and an electric vehicle new vehi
sales share of roughly 5%. Alexandria also has 63 charging plugs atsbatedations, although acces
is restricted to approximately half the plugs (such as being reserved for hotel patrons). Electric vet
represent a valuable opportunity for reduciag pollutantemissions, managing costs, reducing
petroleum dependence, increasing energy security, strengtheningS E | yudINImiag@ and

I OKASGAyYy3 1 £t SEFYRNAIFIQa OfAYIGS 32t a
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https://www.alexandriava.gov/SmartMobility
https://www.alexandriava.gov/eco-city

Figure2 shows the estimated number of charging plugs needed in Alexandria to support the three levels

of electric vehiclaiffusion from today until 2050. The three scenarios are roughly consistent with other

energyclimate scenarios that examine technology adoption to 2050. The No Policy Change scenario is

one in which policies at all levels of government stay as theyaatayt Strong City Policy is a scenario in

which the City of Alexandria enacts very strong-lgty policies and programs aroumdectric vehicle

deployment. Strong Mukj S @S f

t2t A08

Ad GKS 2yte 408yl NA2

Thisscenario reaches nearly 10@&ctric vehiclesales before 2040.

Number of Plugs

Figure2. Number of plugsieededto support electric vehicles in three scenarioSee Appendix E for numerical valt
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in graph.

Several key insights were observed in Alexandria:

9 The city currently has sufficient levels of public L@velugs to support its vehicle poptilan
but insufficient levels of publibCfastcharging (DCFGjations Currently, 24 public Level

plugs are available to anyone in Alexandri
but only 16 are neededdowever, there is
only one DCFC in the city boundaries, whi
five are needed per th&lectric Vehicle
Infrastructure Projection Tool (E¥ro)
analysis described i@hapter 4

f at dzof A O¢ OKF NHSNBE f
F33aINBIFG2N 6S0ariasSa
Siation Locator database and
plugshare.com include chargers at
restricted access sites (such as hotels anc
MFDs).

1 Only 47% of households in the Washingto
DC metro area have access to a garage o
carport. Alectric vehicleadoption

COUNTING CHARGING PLUGS
¢ KS | {Alt&rhatv@Ruel Data Centand
Plugshare.com maintain databases of publicly
available charging stations. This data can be
accessed by drivers and app developers to
understand options when not charging at
home or work. However, public charging only
tells part of the story the vast najority of
l £t SEFYRNAF Qa4 OKLF NHSNE
These chargers are typically not reported in
the Alternative Fuel Data Center
plugshare.com websites.
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increases to later adopter segments of the market, public charging solutions at shared parking
spots will become increasing important.

1 By 2025, Alexandria needs to add an estimated 17 additional Rglags and 10 additional
DCFC plugs to align with eqbed needs per the analysis@hapter 4

1 A public engagement survey of 74 residents in Alexandria in summer 2020 suggests that MFDs
and onstreet parking are twodcations for the greatest unmet need for charging.

Tablel shows specifiopportunitiesfor the city. Se&hapter 7for details on eaclopportunity.

Tablel. Summary obpportunities for Alexandria. Detailed description in Chapte&t

Sending a Strong Markesignal

Al Promote Alexandria as an Electric Vehicle Capital City
A2 Utilize innovative pilot programs to draw investment to the city
A-3 Establish nearand mediumterm targets for public electric vehicle charging infrastructure
Prioritizing Solutions for Unmet Charging Demand
B-1 Appoint an Electric Vehicle Navigator
B-2 Expand public and workplace charging solutions to provide additional options for MFD resic
B3 Allocate city2 & Y SR LI NJAy3 | & a@ption ferSiévalapiyig-alciiiRiag sttol
in the future
B-4 Adopt a policy of installing public Levz&tharging stations as residents request them
B-5 Apply proven ROW charging solutions
B-6 Create charging hubs
B7 Dev&_el_op ded_icated DCE@Gtion plazas for taxis, transportation network companies, and shar
mobility services
B-8 Prioritize charging locations at grocery stores, parks, and box stores
B9 Prioritize locations near highway efimps for DCFC stations
EnhancingCommunications and Awareness
Gl Communicate electric vehicle charging requirements and processes clearly using the city w
G2 Establish a process to benchmark progress
G3 Lead from the front
G4 Champion charging infrastructure Bectrifying the city fleet
G5 Build and maintain internal competencies
Strengthening Zoning, Codes, and Permitting
D1 Amend zoning ordinance to include charging statiags permitted accessory use
D-2 Encourage EV charging in parking spacgiirements
D-3 Establish EV installation checklist
D4 Adoptcurbside managemergolicies to prioritize EV charging
D-5 Revise Standard Conditions to increase minimum requirements
D-6 Adopt design criteria related to EV charging stations.
D-7 Consider appropriate standards for historic districts
D-8 Training for local officials
Advocacy in State Government and with Dominion Energy
E1 Advocate for strategies that will do most to accelerate electric vehicle adoption
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This document is organized as follows:

1 Chapterl provides background information about government and utility actions on electric
vehicles.

1 Chapter2 answers a number of basic questions about electric vehicles and electric vehicle
charging infrastructure

1 Chapter3 describes the electric vehicle and charging infrastructure in Alexandria and compares
the city with other jurisdictions in the United States.

1 Chapter4 provides scenarios of electric vehicle adoption and associated charging needs.

1 Chapter5 summarizes the results of a public engagement survey conducted as part of this EVRS
development to gain public input into station locations in the city.

1 Chapter6 describes a spatial analysis performed by the consultant team to identify potential
future locations in the city for chargers.

1 Chapter7 gives a prioritized list of actions for the City of Alexandria.

1 Appendix Aprovides theoriginalquestionsand summaries resultgor the public engagement
rvey#1 launched in May 2020

1 Appendix Bprovides theoriginalquestionsand summarizes resulfer the public engagement
Qurvey#2 launched in July 2020.

1 Appendix Qorovides thecounts ofelectric vehicldan Alexandia, by model typeas of 2020.

1 Appendix Ddescribes the methodology and analysis of the costs of chargers needed in three
future scenarios.

1 Appendix Egivesthe numeric values of charging plugs needed across three future scenarios
developed inChapter 4

1 Appendix Fgivesspecific addresses of higiriority locations for chargers in Alexandria
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CHAPTER INTRODUCTION

Modern plugin electric vehiclesvere introduced inAlexandria in2011, and their cumulative sales
surpassed22units by 2020. Vehicle registration records show tteéctric vehicle constituted roughly

5% of new vehicle sales in the city in 2088dera] state,utility, and municipal policiesave promoted
electric vehiclesvith a diverse mix gbrogramsto meet air quality, climate, and energy security goals.

Yet electric vehiclestill face barriers tavidespreadadoptionrelated to affordability convenienceand
awarenessMany of these barriers are expected to subside over time as the market for electric vehicles
grows. However, access tharging infrastructurevill continue to be a major barrier since many
households cannot charge a vehicle at home.

Thisdocument outlines a strategy for deployietectric vehiclénfrastructure in the City of Alexandria.

The intended audience is any stakeholder who is interested in electric vehicles or electric vehicles
infrastructure in Alexandria. This chapter provideskground information about government and

utility actions regarding vehicle electrification, as well as academic and research literature on the role of
charging in spurringlectric vehicleadoption.

Academic Research

Several past studies demonstrateethritical role electric vehicles play in meeting ldagn climate

targets (e.g., Williams et al. 2012; USDDPP 2016). These studies shqviotirabst jurisdictions;
passenger cars and certain mediduty vehicles need to be nearly entirely electrifieg 2050 to reach

an 80% economyvide emission target that aligns with the Paris Climate Agreement (Davis et al. 2018).
Because the lifetime of internal combustion engine vehicles is typically around 12 to 14 years, the
sooner a major transition can begihe more likely a city like Alexandria can achieve its climate target.

Among the various potential roles of city government, coordination of charging infrastructure is
arguably the most impactful means a city can advance electric vavitiership. For exampleeseral
studies show thagelectric vehicleadoption and charging infrastructure availability are strongly
correlated.In a regionaland municipalevel analysis odlectric vehicle, Mersky et al. (2016) found that
electric vehicleecharging availability is the strongest predictoreddctric vehiclaiptakeof any variable
considered Similarly Sierzchula et al. (2014) examihie relationship betweemlectric vehicle
adoption andseveral policy variables. iBrstudyestimated that an additional charger per 10,000
residents is correlated with a®%increase in market sharef electric vehicles when controlling for
other factors

At smaller units of geography, the strong link between charging availabilitglantticvehicleadoption

still holds. Javid and Nejat (2017) conducted a codmtgl regression analysis in 58 California counties
and found a statistically significant correlation between public chargingeéeadric vehicleadoption.
Narassimhan and Johnson &)found that charging infrastructure significantly influences-papita

electric vehiclgpurchases, but that the impact of charging infrastructure diminishes as the range of BEVs
increases

In summarythere is a growinggmountof scientific evidencel®mwing that deployingelectric vehicle
charging infrastructure will catalyzgectric vehicleadoption. Charging infrastructure deployment
appears to be most impactful at early stages of deployment. Also, local response to infrastructure varies
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consideraby across jurisdictions: what works in one area may not work in another area. Therefore, it is
critical to carefully examine each region separately and determine charging needs and best strategies
for overcoming barriers.

State and Utility Actions on Eleatr Vehicles

The Commonwealth of Virginia has taken numerous steps in recent years to support the advancement

of electric vehicles, and to support the expansion and building of electric vehicle charging infrastructure.
lf2y3a gAGK GKS aNLas HREBBNYNSgunaiidedddatieiabR Ay dSad2
municipal electric utilities have also worked to advance electric vehicle opportunities in the

Commonwealth.

In 2010 the Virginia Clean Cities in partnership with the Rocky Mountain Institutd)(BihchProject

Get Readya program toeengage interested stakeholders from across Commonwealth to detail how to
overcome potential barriers associated with the adoption electric vehicles and electric vehicle charging
infrastructure, outline communicatio strategies to educate partners and the general public, identify
existing and potential incentives for advancing electric vehicle ownership, and owtiyeto expand
electric vehicle charging infrastructure opportunities.

In 2011, Dominion Energy Vimia ¢ the regulated, investeowned electric utility providing electric

distribution, transmission, and generation services to customers in areas of the Commonwealth

including the city of Alexandrigintroduced two experimental opin pilot rate structure for residential

customers charging an electric vehicle at their household. Residential rate schedule 1EV and EV provided

NI §S AO0OKSRdzZ S&a aLISOAFTFAO G2 | NBAARSYGAlIf Odzad2 YSN.
While now unavailable fat A NBAY Al OdzAG2YSNEQ dzaSzX (KSasS NI dGdS ao
opportunities in Virginia to support electric vehicle adoption.

In 2016, as a result of the settlement
between the US Department of Justice —
Environmental Protection Agency, and $14 million — EV charging network
Volkswagen US, the Commonwealth of

ylrglnla received over $93 million to - — Eleciricirandikbuses
implement projects and programs to

" : : The Volkswagen
mltlgate a“_’ pollqtlon from Environmental $14 million — Port electrification project
transportation (Figure3). The Mitigation Trust
Volkswagn Mitigation Trust, $93.6 million —
administered by the Virginia Department $20 million — Electric school buses

of Environmental Quality, investisese
fundsin programs and projects to rede
transportation air pollution caused by
Volkswagy Q& | £t SASR @7

Clean Air Communities Program

component of the spending of upwards $4.68 million Administrative costs

of $14 million to support installation of a | IR — Unalocated

network of Level 2 and DCFC electric

vehicle charging stations in the Figure3® ! £ £ 201 GA2y 2F ANBAYAL

Commonwealth by 370%. Emetwork is Source: DEQ (2020)
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anticipated along highirafficked interstate corridors and in metropolitan areas, including areas in
Northern Virginia. Additionally, the VolksweagMitigation Trust supports spending nearly $20 million
for Class 8 local freight trucks, €8a47 local freight trucks, Clags8 buses, airport ground support
equipment, and associated electric vehicle charging infrastrug¢iE 2020)

In 2018, as required by the Code of Virginia, the Virginia Department of Mines, Minerals, and Energy
develdJSR (G KS O2YLINBKSYAABS /2YY2ysSItiKQa wmamy 9y SN
LISNA2R O2yaraidaSyd sAdK (GKS 321Kt 2F AYLI SYSyuaay3a i
promoting the use of motor vehicles that utilize alternate fuels araltdghly energy efficient

(Commonwealth of Virginia, 2018a; 2018bhe 2018 Energy Plan acknowledges transportation is the

largest enduse energyconsuming sector in Virginia and responsible for a significant majority of

+ ANBAYAI Qa 3 NS S.yiepldadp@Svidasithiee Sretdgic tedomnfendations to advance the

adoption of electric vehicles and electric vehicle charging infrastructure in Virginia. The plan

recommends the Commonwealth should:

9 Adopt the Advanced Clean Cars (ACC) program to adi@meamission vehicle (LEV) and zero
emission vehicle (ZEV) standards.
1 Develop a comprehensive Virginia Transportation Electrification Action Plan by 2021 to establish
a goal for new electric vehicle charging infrastructure and explore opportunities tbeaate
vehicle electrification.
f 9aiGlroftAakK I aDNBSy CfSSié tNRIANIYE yR Ot Sty @S
public fleets across Virginia.
Also in 2018, the Virginia General Assembly passedxpansivesrid Transformation and Secuyrifct
(GTSAJo support the investment in renewable energy electricity generation, energy efficiency, and grid
Y2RSNYAT I GA2Y 0@ =+ A NEnkdeldtr atlitiesGCharhonwe 8tR & Vikigiad S a G 2 NJ
2018c). The GTSA included opportunitesyo@Sa d YSyd Ay aSt SOGNAOFE FIF OAf A
ySOSaalNE (2 &adzZLll2NI St SOGNRO GSKAOES OKIFNBAYy3 ae
{dzoaSljdsSyiGtes GKS {aGFaGS /2NLER2NFYGA2Y [/ 2YYA&aaArzy 6{
implementation of an electric vehicle charging infrastructure program as part of a GTSA investment
plan.

In 2020, Virginia experienced the passage of the monumental Virginia Clean Economy Act (VCEA). The

VCEA sets the Commonwealth on a path to achieveeet carlon emissions economyide by 2045

F2NI Lt ASOG2NA AyOfdzZRAYy3I St SOUNAOAGEIT GNI YyaLR2NIL
LINAYIFNE F¥20dzda A& G2 SELIYR (GKS NBySsgtotS SySNHE S
electricitygrid, given the transition of transportation to use electricity from the electrical grid as its

primary fuel source, there is significant benefit to decarbonizing transportation. For example, according

to the Union of Concerned Scientists, electric veficleOKF NASR Ay 52YAYyA2Yy 9y SNH®
territory have an equivalent GHG emissions per mile of a gasoline car that obtains an 8pemgation

fuel economy(UCS, 2020As the grid continues to decarbonize, this value will likewise improve.

ViIIGA YA Q& Hnun DSy Sbdsaw seveial l&yilatifedactidagesific foofhotingthe
adoption of electric vehicleand support electric vehicle charging infrastructure operatieinst, select
state government agencies anew permitted to locate and operate retail, febased electric vehicle
charging stations at their facilities and lands, thus providing puldiotgssible charging stations
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opportunities. Secondyirginia Code now prohibitsommon interest community associations from
prohibiting the installation of an electric vehicle charging station within the boundaries of a member's
designated parking space, or, in the case of a property owners association, the boundaries of a lot
owner's property Provisions for installation and remoak also prescribed to support proper charging
station installation. In addition, the Virginia Department of Motor Vehicles is permitted to lower
registration fees for electric vehicles as an incentive for electric vehicle ownership.

Finally, the Virgini&eneral Assembly established a working grqQepnsisting of staff from the Virginia
departments of Mines, Minerals, and Energy; Environmental Quality; Motor Vehicles; and Tgxation
determine the feasibility of implementing a rebate program to suppbet purchase of electric vehicles.

¢CKS g2NJAy3 3INRJZIQ&a FTAYRAYyIA INB (2 0S RSt AOBSNBR
funded, by the end of 2021.

In Spring 2020, as a result of emerging need to consider electric vehicles and ekdutiie charging

infrastructure issues in in future proceedings, the SCC established a case proceeding to explore issues
related to electric vehicle adoption in a comprehensive manner. The SCC acknowledged that increases in

the adoption of electric vehictein Virginia have the potential to affect the affordability and reliability of

St SOGNRAROAGE &ASNIWAOS RSt AODSNBER (8CC, 202D) thislzdse Mg 0 & + A N
SCC asked numerous pointed questions on the existing developmept@jedted growth of electric

vehicles in Virginia, how rate design can impact electric vehicle adoption and use, how electric vehicles

may impact storagé LISOA FA O A&aadzSa NBEIFGSR G2 (GKS 2LISNIGAZ2Y
role of utilties in support public charging station infrastructure. A hearing was held in July 2020 where
ydzYSNRdza &Gl 1 SK2ft RSNASZ AyOfdzRAYy3a GKS /Ade 2F !t SE
final order are currently pending.

In Fall 2020, Dominion Erggr Virginia launched th&mart Charging Infrastructure Pilot (S@H8gram

to supportelectric vehicle adoption in Virginés a result of SC&pproved investments through the Grid
Transformation and Security Act (GTSA). The B@Rlesrebates for qualifyinglectric vehicle

charging statia infrastructure and installation to support charging opportunities in rdaltiily

dwellings, workplace charging applications, publatgessible DCFC charging opportunities, and to

support charging for public transit agencies transitioning to batiectric buses. The pilot program is

limited in scope and fundingnd will inform oppotunities Dominion Energy Virginia may support

I RAFYyOAY3 St SOUNRO OSKAOES | R2LIIAZ2Y A y-ownédS 7T dzi dzNBS
cooperative, and municipal electric utilities are offering programs or projects supporting the adoption of
electric vehicles.

TKSNE A& YdzOK 2y32Ay3 AYyiSNBad Ay (GKS /2YY2y46SH (K
vehicle charging infrastructurgivenVirginia is a growing opportunity for significant adoption of electric

vehicles. For example, thecEtrification Coalitiorg a national, norprofit electric vehicle advocacy and

policy organization supporting the advancement of electric vehicles by working with federal, state, and

local governments and stakeholdeytaunched a Stateléctric VehiclePdicy Accelerator in five states,

including Virginia, to develop a replicable model advaneiegtric vehicleadoption through policy

action bolstered by fleescale deployment efforts. This effort began in Fall 2020 and aims to develop a
statewide electrc vehicle policy blueprint for action with Virgirspecific recommendations, a resource

toolkit with best practices and cases studies, facilitation of policy bootcamps for educating stakeholders,
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and support proof of concept efforts to advance innovatadicy solutions for advancing electric
vehicle adoption

Municipal Plans and Actions on Electric Vehicles

The City of Alexandria has been a long leader in sustainability, as demonstrated as far back as the 1998
Quality of Life Summitn 2012, the City worked closely with the Metropolitan Washington Council of
D2OSNYYSydGa 6az2/ hbD0 (2 &dzLJLJ2 NJiEldcticYehRIE ReSdingssMahy G 2 F
for the Metropolitan Washington RegidMWCOG, 2012)This plan outlined a fraework for

establishing regional readiness for the adoption of electric vehicles in the metropolitan Washington

region and to promote a consistent set of practices to remove barriers to electric vehicle adoption and
infrastructure planning. Sch efforts seeto help ensure that the metropolitan Washington region can

collectively experience the health, environmental, and sustainability benefits that electric vehicles

offers.

In 2008, Alexandria City Council adopted BeCity Charterthe first EnvironmentbCharter adopted

in the Commonwealttof Virginia¢ KS / KIF NI SNJ RSTFAYSR ! f SElF yYRNAI Q& 02
economic.and social sustainabilitithe core values and ten guiding principles of the-Eitp Charter

formedii KS ol aiA a ¥ Edidoningngal ActibriiPia@@&EAPF2008Jhé plan was updated in

2019 in theEnvironmental Action Plan 2040hichsets a target of a 50% reduction in GHGs by fiscal

year 2030 and an 80 to 100% reduction by 205ily of Alexandria, 2019Jhe adoption of elddc

vehicles and advancement of electric vehicle charging infrastructure features prominently&#khe

H n n @lidate Change, Energy, Transportation, and Air Quality sections; supporting goals, targets, and
FOlAzya (2 | OKASOS HE&Bdudtidnfaig@si | F2NBYSyGA2ySR D

The City of Alexandria also
works closely with regional Ioc-,
governments and organizations
to advance electric vehicle and
electric vehicle chargg
infrastructure adoption. For
example, while not a direct
participant, the City of
Alexandria observed and
learned from Fairfax County
I32BSNYYSyiQa A
the effects of widespread
electricvehicle adoption on
infrastructure requirements

andto determine design
approaches to be considered inFigure 4. The City of Alexandria has approximately five times
o2 dzy’ Gdeaos 1 2 y Ay national average sales rate of electrlc vehlcles

LUINWE. U uUuuw U (BN

study, produced by the MITRE corporation as a sustainability objective proffer in a development site
application, offered the metropolitan Washington regianopportunity to learn more about electric
vehicle charging infrastructure in Northern Virginia applicatiMbElRE, 2011)
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program through the Virginia Clean Cities &water Washington Clean Cities Coalition organizations

to promote electric vehicle policies and adoption in Virginia and Metropolitan Washingt¢GIBah

Cities, 2020; Virginia Clean Cities, 2020, GWR Clean Cities, 2020)

Several City plans describe 8B F2NJ SELJ yRAYy3 St SOGNAO OSKAOES Ay-
Smart Mobility Framework Plasf 2018 calls for implementing an electric vehicle charging station
YIEyYyEFEASYSyd LINRPINIY 6/ AGé& Zamplete SredtsyDeshghitlelinesn nmy 0 @ | €
discuss aspects of electric vehicle charging station design and considerations, such as signage, location,
preferred plug type, payment system, and maintenance. These Guidelines do not discuss the number of
chargers needed or specific locatiomghin Alexandria. Atasu®A G & f S@St X F2dzNJ 2F | £ S
neighborhoods outline a vision for electric vehicle charging infrastructure in their Small Area Plans.

I NI FYRAF F20dzaS4&8 2y G(G2LIWAY3T 2FF t1 9+ad dsBrNdi K t 2 {2
language and describe the need to prioritize electric vehicle charging at residential, commercial, and

office parking areafCity of Alexandria, 2020)

Electric vehicle readiness is also incorporated into other City documents. For examsiaritiard
conditions for new construction require the following:

9 For single family dwellings and townhouses having indoor garad@svelopers to provide at
least one parking space per dwelling with the necessary infrastructure (240 volt and at least 40
ampee dedicated conduit and power plug) installed for future level 2 electric vehicle chargers.

1 For multifamily or office where charging stations are not required but should be planned for.
Provide a minimum of 5 percent of the required parking spaces Wémecessary
infrastructure (240 volt and at least 4np dedicated conduit and power plug) installed for
future level 2 electric vehicle chargers.

9 For multifamily or office where charging stations are requirdelrovide level 2 electric vehicle
charger ingllation for a minimum of 2 percent of the required parking spaces. An additional 3
percent of the required parking spaces shall have necessary infrastructure (240 volt and at least
40-amp dedicated conduit and power plug) installed for future level 2tétevehicle chargers.

In recent years, the City has begun a number of vehicle electrification programs such as electrifying
school buses, transit buses, and lighity fleet vehicles. TheEY202M®udget supports the purchase of
only electric or hybrid gas/electric passenger vehicles The budget also sugiodisvelopnent ofa
strategydocumentg this EVRE to facilitate electric vehicle charging infrastructure for public and
private vehicles across the city.

LG Aad OfSENIYIye 2F ! SistppoRimgi KSa/ NE2DBRSWEE SI KB AR
vehicle charging infitructure, and thi€lectric Vehicle Charging Infrastructure Readiness Strategy
(EVRS¥ intended to outline such opportunities. The EVRS considers the opportunities the City can

facilitate to anticipate the electric vehicle charging infrastructure needs of City residents, workforce
members, and visitors as electric vehicles become morastraam. The EVRS project includes:

1 Evaluating projections for current and future electric vehicle charging infrastructure needs;
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https://www.alexandriava.gov/uploadedFiles/budget/info/budget2020/Section%2002%20-%20City%20Manager%20Message.pdf

1 Recommending locations for publiedgcessible charging infrastructure with integration into
a broader regional electric vatié charging infrastructure network;

1 Recommending charging infrastructure options, including hardware, business ownership,
and operation models, interoperability, and operations and maintenance solutions;

9 wSOASSsAYT GKS / AlGeQa inspettorycBdes adRdBvBlapment.JS NI A G G A y
processes and requirements to recommend updated, or new, language to promote and
anticipate electric vehicle charging needs; and

1 Recommending policies, approaches, and synergies for locating electric vehicle charging
infrastructure at businesses, mulinit dwellings, singléamily homes, righbf-way, and
other locations.

UNIQUE EV CHARGING INFRASTRUCTURE BARRIERS IN ALEXA

Like any city in th&nited States, Alexandria faces numerous barriers to deploying electric vehicle
charging infrastructure. These barriers relate to awareness, coordination, equity, financing, zoning,
permitting, and codes. Two barriers are amplified in Alexandria reladiwgher jurisdictions:

LIMITEDOFFSTREET PARKING
Many areasn Alexandria have limited otreet parking for residents due to the dense and old vintage
housing stoclor other space restrictionsrhis means that unlikein most other jurisdictions residens
sometimes lack the ability to install electric vehicle chargers at their home.

HIGH NUMBER QWRWULTIFAMILY DWELLINGS
Alexandria has a relatively high shareapartments, condominiums, and other similar MFDs comparec
to the rest of the Commonwealth andrginia. Finding charging solutions in MFDs can be challenging
since parking spots are often shared, parking garages may have limited access to electricity supply
high renter and high turnover rates meatist building owners and homeowner associatosre less
inclined to install chargers.
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CHAPTER BASICS OF ELECTRIC VEHICLE CHARGING
INFRASTRUCTURE

This chapter is organized into a series of questions that provide basic information about the quickly
evolving field oklectric vehicls andelectric vehiclecharging infrastructure.

What are Electric Vehicles?

Both PHEVs and BEVs use electrical enstgped in batteries in the vehicle, for propulsion via an

electric motor. PHEVs can also use gasoline to supplement the electricity, whereas a BEV can only use
the electrical energy stored in dmoard batteries. Together, this report refers to PHEVs antsBiE

electric vehicles or EVs.

¢2RIF@Qa t | 9eedtrickangd 6f 20 nyfles ltof5% miles, which is slowly increasing as battery
technology improves. The most common PHEVs in Alexandria include the Ford Engergi, Chevy Volt, and
Toyota Prius PriméBEVs have a range of 80 milesitore than 400 miles, depending on the model. As

with PHEVS, the average BEV range has increased over time. The three most common BEVs in Alexandria
today are theTesla Model 3Tesla Model SandNissan Leaf.

BENEFITS OF ELECTRIC VEHICLES

1 Equity and Environmental JusticéCE¥ produce air pollution through tailpipe emissions, whictk
adversely affects health outcomes. Populationkin- and moderateincome populationgre
particularly vulnerable to air pollution stressors and often live closer to roadways than people
other communities.

1 ReducedGHG Emission®©n a lifecycle basisglectric vehicls are superior tdCEY in
Alexandria. For example, accordingtothe/ A2y 2F / 2y OSNYy SR { OASy
Chevrolet Bolt driven in Alexandria emits an estimaté@grams of carbon dioxide equivalent
per mile, while a similarly sized gasoline vehicle eB8tsgrams per mileAs renewable
electricity generatin increases, the benefits efectric vehiclesvill further increase compared
to gasoline and diesel vehicles.

9 Benefits to Electricity GridWidespread transportation electrification increases ttserate of
the grid, to the extent that charging can bhifted to offpeak periods. By strategically adding
new electric load at the right times (such as when grid use is lovedst)ric vehicleadoption in
Alexandria can suppo#nincreased seof renewable wind energy.

9 Increasel Local FuelsBy transitiming toward greater numbers @fectric vehicls, Alexandria
can increasés dependence on locally produced fuels (electricity), thereby pushing jobs and
economic benefits to its citizens rather than sigte thestate.

I Reduced Spending on Vehicle Opemati Electric vehicles have much lower costisfuel and
maintenance, resuiihg in hundreds of dollars of savings each yeatli@average household.

1 Fuel cell electric vehiclesanother type of electric vehicteuse energy stored in hydrogen onboard the vehicle in a fuel cell.
Fuel cell electric vehicles are not discussed further in this report.

13| Page



What is Electric Vehicle Charging Infrastruoct®

Charging infrastructure includes both the equipment used to chatgetric vehicls as well as the
wiring, conduits, substations, and transformers needed to provide electricity supply to the charger.
Ekectric vehiclechargng stationsare typically éher categorized by the power level or by the location
type. There are three groups of chargers by power ldwelel1, Level2, and DCFC statioKalso
sometimes called Lev8). Each is described in detail below and summarizé&dguare5. Classification by
location type is typically public, workplace, and home. The greatest amount of information is known
about the public chargers, which are tracked by data aggregators like the US DOE (EIA 2020) and
Plugshare.com (2020).

Level 1 chargersincludestandard 120V outlest or lamppost connectors with input power levels of up to
7.7kW. Though the slowesthargingoption, levell chargers offer the least expensive costserms of
installation since no permits or supplemental equipméstypically needed beyond an electrical outlet.
Due to the slow charge rateelell chargers are good for vehicles with long dwell times and relatively
low daily mileagesuch as fovehiclesthat are driven 30 miles or less per day and tlaaé parked at

work for most of the workday and at home at nigheuell chargers providéhree to fivemiles per hour
of charge.

Level 2 chargersrequire a 208V to 240V electrical circiginjilar to common household clothiryyers)
and have a faster charge speed thakevel1l charger with input power levels up to 2R&W. Level2
chargers require melectricalpermit and a certified electriciafor installation. Leve® chargers comprise
the vast majority of chargers the United States and in Alexandribesla &vel2 chargers have a unique
connector that can only be used by Tesla vehicles.

Levell Level2 DCFC
A

Figureb. Charging power levels and time to add range. Adapted from Trillium image.

DCFCare currently rated at power levels 80 kW to 350kW and are the fastest chargers available
today.Due to the infrastructure requirements, these are also the most expensig.EE\modelsare
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currentlycapable of using DCF&&dditionally, because of limitations in the battery management
systemin vehicles, 5&W is the highest charging power that most vehicles can accept today (except
Tesla vehicles, which can charge up to RBf. The next generation electric vehiclesn the U.S. will
charge at power levels up to 3%9V. Electrify Americand EVgpboth major provides of DCFGtations
in the United Stategyrimarily build DCFCs (see the US DOE Station LocHterhewest chargers are
backward compatible with the older,asbier charging vehiclg®CFChavethree different charger
connector3. DCFCs provide 200 miles per hour of charge.

What are Common Locations for Chargers?

Electric vehicle charging infrastructure can be sited in several different types of locatiopgandxia.

Each charging typology has a different set of considerations for installation, power level, operations,
fees, and equipment type. The bullet list below briefly describes each type that are available for public
us or public access.

1 Residentialchargers.Residential chargeisan be broadly categorized into chargers at single
family homegin a garage, carport, or driveway) and chargers at MFDs (in parking garages or
surface lots)MFD chargers can be either shared between multiple residents or dedicated for a
single resident.

1 Workplace chargersThesechargers
are locatedn employee parking lots.
{2YSGAYSa NBFSNN
chargersthese chargerinclude
commuter parkand-ride lots or daily
public parking at transit hubs.
Hectric vehicledrivers can use
workplace charging as a
replacement or supplement for
residential charging. Workplace
chargers are typically owned and
operated by the employer anless
commonly)by electric vehicle
service providersHEVSPBotsford
2018) Levell chargers are appropriate when the parking is assigned, anel2 chargers work
well for parkingthat is not assigned arherevalet service is available. Moslectric vehicle
drivers will not need advel2 charger for an entire workdayndemployeis should consider
ways to ensure turnover of the parking spot during the day to avoid idle charging and to
maximize chargense

91 Public chargersThese chargers include any publiaisailable or sharedse charging station.
Key categories obtations include attractiondike shopping centers, cafes, libraries)d parks)
public rightof way, interstate oframps, and community charging hubs. Commercial parking
areas can vary widelp the amount of time that cars sit dormantelel1 charges aretypically
not appropriatefor public chargers unless a site has a long (e.g., 8 hours or more) dwell time
Best practice is to networthese chargers, as ¢y may beaccessed bynany unique userésee

MATCHING DWELL TIMES WITH
CHARGING SPEED

Residentiaparking in singldamily homes can
use slower chargers, since residents typically
spend each nighttedhome and can charge the
car slowly. Level chargers are appropriate
when average daily miles are relatively low
(less than 30 miles per day), while Le¥el
chargers work well for vehicles with higher
daily mileage. For this typologgiectric vehicle
chargers are typically owned by the household

2The only exception is theHEV model, Mitsubishi Outlagrd which can use DCFC.
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next section) Further, DCF@anbe installed irparking areas that are publicly owned and
publicly availablesuch agark-and-ride lots, public library parking lsf andon-street parking)
or that areprivately owned but publicly availableuych ashopping center parking Istand
commercial office paing garags). Commercial sites thatre a good fit for DCFC anmeareas
where people spend 2@ 30 minutes such as grocery stores, pharmacies, and convenience
stores. Sites that are a good fit faeuel2 chargers are areas where people spend aroand to
four hours, such as movie theaters, libraries, museums, ardbsih restaurants.

What are Networked or Smart Stations?

Charging stations cdme smart, where they araetworked with a connection to a central backend
system via wireless internet, tiney maynot be networked,where they arenot connected to an IT
system All levels of chargers can hetworked Depending on the business model being used,
networkedchargers also typically require aangoing monthly, per session, or annual networking fee to
the user, site host, or bothThe levels of communication available fanetworkedcharger can include
communication with the site hostitility grid, internet, and uer.

Charging stations usually connect to a network by cellethernet, or WiFi. Garages can have network
connection complications, and repeaters may need to be installed to ensure communication capabilities.
Networked chargers can communicate betwesrd connect:

9 Hectric vehiclgo parking space

1 Bectric vehicldo charging station;
I User to payment network

1 Charging statiomo site host and

9 User to vehicle

A high degree ohformationcan be providedo the userviasmart phone, RFID tag, or computMany
networkedchargers use an application on a smartphgheugh there is not one common platform for
electric vehicleeharging at this time.

What Typesof Connectors are Used at Charging Stations?

Figure6 was developed by the US DOE and showsyibes of connectorassociated with each charger
level.Most chargersandelectric vehiclesise a standard SAE J1772 connector and inletishat

compdible with Level1 and level2 chargersThe sandardization of cords and connectors is an ongoing
issue for DCFThe combined charging system (CCS) connector is used by Amaridaauropean
madeelectric vehicle. The CHAdeMO connector is used by Jagpamand Korearmadeelectric

vehicles Tesla superchargers are only capable of charging Tesla vehicles. However, Tesla vehicles are
capable of charging at CHAdeMO connectors (but require a $450 adapter).

The National Electric Code states that cords aandlonger than 25 feet, unless equipped with a
retraction or other control device. Most experts recommend that the site design requires no more than
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three to five feet of cord distance from the vehit¢tethe charging stationThesecords cannot interfee
with pedestrian routes and cannot be placed in a way traaites a tripping hazard.

Charger Type | Maximum Charging Power Charging Rate Connector(s)

(Common application)

1.9 kW AC power
AC Level 1 120 V at up to 16 A 2 to 5 miles of range 11772 00
(SAE J1772) per hour [ o ]

(1.4 KW cord-set)

19.2 kW AC power
AC Level2 | 208Vor240Vatupto80A | 10 to 20 miles of 11772 (o o)
(SAE J1772) range per hour [ o [ ]

(7.7 KW pedestal)

80 kW DC power o0
DC Level 1 50 to 1,000 V, up to 80 A 60 to 80 miles of ‘e’
(J1772 CCS) range in 20 minutes J1772 Combo -
(50 kW public station) . .
o0
i L] L]
DC Level 2 400 kW DC Power Up to 200 miles of J1772 Combo “

(J1772 CCS) | 50 to 1,000 V at up to 400 A | range in 20 minutes

400 kW DC power

. L)
CHAdeMO 120 to 1,000 V, up to 400 A 60 to 80 miles of
v2.0 range in 20 minutes e LD ...

(50 kW public station)

resia 250 kW DC power Up to 75 miles of Tesla em
(120 KW Supercharger) range in 5 minutes e Q o

Figure6. Charging plugs, by charging level

Who Develops and Operates Public Electric Vehicle Charging Stations?

Severalpossibleentities canown, manag, and operag public electric vehicle charging stations. At least
three actors are involved in every public electric vehicle charging station.

Landowneror site host. Residential chargers anesually owned by theomeowner or builthg owner
while employers typically own workplace chargeffie andowner ofa public chargecanvary, andmay

be the governmentabusiness, oa private residentlf a city government is the landowner, it can
provide the land free ofor lease. Theity governmentan use its leverage to require a certain standard
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of infrastructure, to set maximum pricing or use certain pricing models, to share or make public usage
data, to include city branding, or to implement specific design requirem&hgscityshould requirea
high-quality station design, smart charging capability, and the sharing of usage data. Under a leasing
agreementthe city shouldnot require thecharge point operatoto pay for the parking spaces, but only

for the landwherethe charger sits.

Equipment owner The equipment owner typically oversees equipmigstallation. Residential chargers
are typically owned by the homeowner or building owner. Workplace chargerypically owned by

the business oemployer. Public chargers are owned by private citizens, businesses, municipal
governmens, utilities, or EVS®&such as Electrify America or Tesla.

Station plaza operatarThecity governmenimmayoperate the chargininfrastructure itself, though this

iS uncommon.

What is a Successful Business Model for a Charging Station?

Not every public electric vehicle charger is financially profitable. To be financially profitable, a station
must have more revenue and costs, when both are discounted over the lifetime of thgecHaigure7
shows low and high costs from a recent survey of charging costs carried out by the Rocky Mountain
Institute (Nedler and Rogers, 2019). The authors ofrpi®rt state that the costs shown Figure7 are
declining over time as expected, driven by increased volume and experience. However, the authors
note that soft costg; i.e., process costs, marketing costs, opportunity costs, the cost of delays in
permitting ¢ offer the greatest opportunity for cost reductions in the future. These soft costs are not

shown inFigure?.

‘ LOWEST COST

COST ELEMENT ‘ HIGHEST COST

Level 2 residential charger £380 (2.9 kW) $689 (7.7 kW)

Level 2 commercial charger $2,500 (7.7 kW) $4,900 (16.8 kW); outlier: $7,210 (14.4 kW)
DCFC (50 kW) $20,000 $35,800

DCFC (150 kW) $75,600 $100,000

DCFC (350 kW) $128,000 $150,000

Transformer (150-300 kVA) $35,000 $53,000

Transformer (500-750 kVA) $44,000 $69,600

Transformer (1,000+ kVA) $66,000 $173,000

Data contracts

$84/year/charger

$240/year/charger

Network contracts $200/year/charger $250/year/charger
Credit card reader $325 $1,000
Cable cost $1,500 $3,500

Figure7. Low and high costs of Level 2 and DCFC charging infrastructure costs. Note that not all costs are |

at every charging station. Source: Nedler and Rogers (2019).
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Major sources of revenue at a charging station include:

9 Station fees Station owners and operators often charge a fee when an electric vehicle is
plugged in and charging. These are typically $ per kWh or $ per minute. Additionally, some
station owners have a subscription fee that is either in place of, or in additiohed} per kWh
or $ per minute fee. Finally, depending on the need to turnover over vehicles, station owners
sometimes charge additional fees if a vehicle remains plugged in past the charging time.

1 Grant programsMany states and utilities offer grants anther incentives to helgover costs
associated with the charging equipment, installation, and operation. As noted in Chapter 1,
Dominion is currently running a pilot program that provides funding for various types of
chargers.

1 Merchandise revenueForelectric vehicle drivers, a charger is an amenity for a commercial site
that could help drive sales at that sit€hargePoint, a major electric vehicle service provider in
the United States, uses the informal rule of thumb that every minute charging @FCrings a
commercial store an additional $1 of revenue (ChargePoint, 2018).

As noted, a successful business model for charging stations is one in which revenues exceed costs.

General principles to ensure this happens include: (1) selecting a sitigititaily utilization (GPI,

2019), (2) ensuring high vehicle turnover throughout the day by using signage, ticketing, or penalties for
parking but not charging, (3) maximizing the use of available funding mechanisms from government and

the utility, (4) ersuring the charger is listed in the public databases so electric vehicle drivers can find the
charger when needed, and (5) partnering with site hosts who will help ensure availability and access to

the charger at all times during the day. A municipal ggv¥rSy 6 Qa NRf S Ay | adz00Saa‘¥
public charging is typically: (1) coordination between parties interested in hew charging stations, (2)
streamlined charging permits, (3) providing access to land for new charging stations, and (4)

enforcementof vehicle turnover (if needed).

19| Page



20| Page



CHAPTER ELECTRIC VEHICLES IN ALEXANDRIA

ThisOK I LJG SNJ LINE A RSa O2yGSEG 2y 't SEFYRNALF Q& OdzZNNBy
chapter begins by discussing existégctric vehicle registrations and charging infrastructure and then
RA&aOdzaasSa (KS OrAleQa Kz2dzaiAy3a O2y(iSEGe® [laldtex GKS
American cities.

Electric Vehicle Registrations

Figure8 shows the growth in the cumulative registrations of PHEV d&MsBover time in Alexandria.
Cumulative BEV sales outnumber PHEV sales by a small fraction, which is consistent with other regions
of the United States (Atlas 2019). BEVs have larger batteries than PHEVS, and therefore also have
greater charging needs. lsically, shifts in electric vehicle sales follow new electric vehicle model
releases. For example, nationwide electric vehicle sales peaked in 2018 with the release of the Tesla
Model 3. Several new electric vehicle models are expected in 2021 and2@2g¢k 2020).

Cumulative EV Registrations in Alexandria
600

500
400
300

200

100 221
ﬂl
— . W o0

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

B PHEVsE BEVs

Figure8. Cumulative PHEV and BEV registrations in Alexandria @gdf 2020.

Charging Infrastructure

There are 23 sites within Alexandria that have
shared electric vehicle charging stations and
total of 64 plugsn the city. Shared charging
includes both publicly accessible chargers and
shared, restricted access chargdrsvel2 plugs
account for all ot oneof these 64 plugs (there is
a singleDCFC plygAs shown irfrigure9, shared
charging stations are concentrated in a fkay
locations of the city, such as in Old Toviable2
provides summary information about all the Figure9. Map ofsharedEV charging stations Alexandria.
stations. The most common location for a statiorThese include both publicly available and restricted access
is at an MFD (suctsan apartment or plugs.
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condominium). Of the 64 shared plugs in Alexandria, only 24 are truly publicly accessible, while 40 are
restricted to residents of a MFD, customers of a store, or patrons of a hotel. Tesla is the most common
electric vehicleservice prowder for public stations in Alexandria, offering charging at several hotels in
Old Town. Charging is freg 15 of the stations and pricing varies at the other stations and can be based
on time or electricity usage. The fees are determined by the statiameowr the EVSP. Pricing at some

of the stations igthe same as the generic price of rElW parking for the lot, typicallg increments of an
hour.

Table2. Summary of 23 public charging sites in Alexandria as of August 2020.

Loation AcCCess EV Network Level2 | DCFC| Station
Type Plugs Plugs Pricing

24 hours daily ChargePoint Network 22304 Free
Auto 24 hours daily ChargePoint Network 22304 1 O Charging fee
dealership 24 hours daily . ChargePoint Network 22314 2 0 Charging fee
Open to publiduring ), Networked 22304 3 1 Free
business hours
24 hours daily Non-Networked 23301 5 0 Free
Grocery 24 hours daily SemaCharge Network | 22305 1 0 Free
store Open to publiduring /.. 22302 2 0  Free
business hours
Tesla Destination 22314 2 0 Free
Tesla Destination 22314 2 0 Free
Hotel Restricted to hotel Tesla Destination 22314 5 0 Free
customers Tesla Destination 22314 2 0 Free
Tesla Destination 22314 3 0 Free
Tesla Destination 22314 3 0 Free
Blink Network 22303 1 0 Charging fee
ChargePoint Network 22305 2 0 Charging fee
I ChargePoint Network 22314 4 0 Charging fee
gﬂvtngﬁgmy Restricted to residents | SemaCharge Network = 22304 4 0 Charging fee
SemaCharge Network = 22314 1 0 Charging fee
SemaCharge Network = 22314 1 0 Free
SemaCharge Network = 22314 9 0 Free
. ChargePoint Network 22314 2 0 Free
E:rkl)!ilr?g 24 hours daily ChargePoint Network 22314 2 0 Charging fee
SemaCharge Network | 22315 4 0 Free

In addition to the 64 plugs noted above, Alexandria also has workplace and residential charging sites.
There is no way of knowing the exact number of workplace or residential chargers in Alexandria since
these chargers are not publicly reported.

Influene of Housing Stock

Across the United States, the vast majority of charging among eladyric vehicleowners occurs at

home with a Level or (more often) Level LJ dz3 6 LISNJ 6 KS ! { 5h9 &/ KFNBHAY3
the largest surveys oelectric vehicleharging behavior was conducted in California, showing that 83%

of 2,831electric vehiclewnersprimarily charge their vehicle at home (ICCT January 2019). At the same
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time, the survey also showed that well over 50% of electric vehicle drivers intMitidk as an
apartment or condominiurn rely primarily on public charging.

I 02 YYdzy A i @& Q aan Bex dmirienforedtaiiedtfc]vehiclownership. According to the

2017 American Housing Survey, 47% of homes in the Washington DC metro area affarsigle

houses with access to a garage or carport, compared to 57% natidd&ICensuBureau202M). The

other 53% of homes in the Washington DC metro area are either MFDs orfsimilye detached homes
without a driveway. MFD charging faces the additional challenge of determining who should install and
maintain the charger (CEC 2019).MFcan be inhabited by renters, who may be reluctant to invest in a
charging station because they do not own the unit or the parking spot. Similarly, the building owner
might be reluctant to invest in a charging station for their tenants because of tleepgon that

charging does not add rental value.

Comparison withOther Regions

As of August 2020, the Commonwealth of Virginia had an estimated 28l@€0ic vehicleegistrations,
of which 60% were BEVs and 40% were PHEVs (Atlas 2019). As shigwreltd, Virginia ranks 2&1in
the United States in terms of fraction of its ligihtity vehiclestockthat areelectric vehicls, at 0.4%.
The District of Columbia rank¥ Aationally with 1% of its stock as electric vehicles. In leagliecfric
vehiclemarkets such as California and Hawelictric vehicle account for more than 1% of the vehicle
stock and as much as 10% to 15% of new vehicle sales. Over time, asB\deai€ retired, the fraction
of electric vehicle in the vehicle stock will certainly rise.
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Figurel0. Share of ALL lighduty vehicles that are electric vehicle, by state, in 2020 (i.e., fractionelfiicle stoch..
Virginia ranks 2% in electric vehicles and the District of Columbia rank$.4

At thecity-level, Alexandria haa far higher penetration oflectric vehicls than the Commonwealth of
Virginia Figurell shows howAlexandria compares tmajor U.S. cities in terms @f share ofelectric
vehiclesin newvehicles sales {gxis) and the number of public Leeand DCFC plugs per million

people (xaxis). Aleandria exceeds the U.S average on both metrics, with approximategjesific
vehicleshareand380Level2 and DCFC plugs per million people. This figure is adapted from research by
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the International Council of Clean Transportation, which suggests #mi&e, California has the
highest adoption rate oélectric vehicls, at over 20% of new vehicle sales. In European countries, such
as Norwayelectric vehicls account for over 50% of new vehicle sales (as adapted from ICCT 2017).
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Figurell EV share and public charging availabilitr U.S. cities
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CHAPTER LCURRENT AND FUTIREARGING
INFRASTRUCTUNREEDS

This chapter describes scenarios for the potential future needs for the installatelraific vehicle

charging infrastructure in Alexandria. The purpose of these scenarios is to understand current and

future charging infrastructure needs to informtha @ @ Qa LINA2NRAGAT FGA 2y 2F LI NI
programming. The chapter begins with a theoretical discussion of techndiffggion used to describe
characteristics oélectric vehicleadoption in communities. Next, the chapter describes three [mbasi

future electric vehicleadoption scenarios in Alexandria. Finally, the chapter linkelbetric vehicle

adoption scenarios to charging infrastructure needs to support such adoption, potential costs for those
charging needs, and potential electricibad impacts within the community.

Diffusion Theory

A useful starting point for developing scenarios for charging infrastructure is the theory about how new
G§SOKy2t23AS8a RATFAzaS Ayid2 GKS YIFIN]J SO FyR dzyRSNH?2
CKS2NE Oow23aASNEQ ¢ KS2 Niistics dRtEcAnoldgy adSpiers ERbgerO20E3H O OK I NI O
Hardman, and Ta019® w2 ISNE Q ¢ KS 2 NE eldctiic vdhicl&doptibn afidxihrgiRA & O dza & A
infrastructure needs because it informs the expected shifts in preferences and attitueéectic

vehicleadoption in the future Figurel?2).

- As

Innovators Early Adopters Early Majorities Late Majorities Laggards
Z?l(t::ﬁsiasts Motivated by Concerned with
who are not psychological value. Want Dislike new
sensitive to bencggignd to hasslefree technology.
TCO be more affluent solutions. Slightly Only adopt

and urban and less affluent and when forced to.

not very price less urban.

sensitive .
Tend to wait

and see once
choice is
plentiful

Electric Vehicle Adoption

Time

Figurel2. Conceptual diffusion curve of EV adoption

demonstrated inFigurel2, Innovatorsare the first segment to adopt a new technology and account for
approximately 2.5% of all adopterBhesetechnology enthusiasts are insensitive to price and are willing
to take risks to be the first to own a new technology. N&etly Adopteraccount for 13.5% of all
adopters and are slightly more price sensitivenovatorsand Early Adoptershare a number of

important characteristics that differ from later adopters. For example, these segroéiets have a

higher income, a higher education, are more likely to be middjed, and are more likely to be male
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(Axsen Goldberg, Baile2016). Additionally, these sgnentsare motivated to adopt aelectric vehicle
because of a deeply held environmental concerns, interest in technology, or a desire to signal social
status (known asonspicuous consumptiosee Noel et al. 2017 amtksen Goldberg, and Baile3016).
Inlarge stated preference surveys, these groups have been shown to place five times more value on
using renewable electricity to charge their vehicles than later adopting segnéxdsrf Goldberg, and
Bailey2016). Rogers (2003) emphasizes the importance of the first adopters of a new technology. First
adopters who are satisfied with a product will positively influence the rate of subsequent adoption.
Today, Alexandria has progressed along to curve to somewheneebatthelnnovatorsandEarly
Adoptersegments.

Early Majorites(next 34%)Late Majorites(next 34%), antlaggardqthe last 16% to adopt) comprise

the remaining segments and are briefly describeffigurel2. In general, these groups are less
environmentally orientated, less technology oriented, have a lower income, are less educated, and have
lower access to dhome chargingAxsen Goldberg, and Baile3016). Addtionally, these later adoption
segments may have a higher preference for PHEVs over BEVs than earlier s¢gmsami$soldberg,

and Bailey 2016)

¢tKS w23ISNBEQ ¢KS2NER 02y OSLiidzZf FNIYSH2N)] Aa dzaSTdz
willreqhA NE A RSALINBIFR LI NOHAOALI GA2Y FNRBY GKS OAaAdGeqa N
fact, all segments from Innovatorsto Laggards will need to be involved in vehicle electrification.

What does this mean for Alexandria? Based on prior reseascthe City of Alexandria moves toward

the Early Majoritesand Late Majoritessegments, who have less access thatne charging, publicly
availableelectric vehiclanfrastructure will become increasingly important. Additionally, because later
segmentshave higher preferences for PHEVS, futelectric vehiclecharging infrastructure should

increasingly cater to PHEMdmpatible chargers (which use lower power).

Scenarios of Future Electric Vehicle Ownership

This report uses three scenarios, outlinadable3, to describe potential trajectories of futurdectric
vehiclegrowth in Alexandria. The objective in developing these scenarios is to bound po&detiaic
vehicleadoption within Alexandria to better understand future charging infrastructure needs and to
facilitate effective planning.

Table3. Description of threeelectric vehicle trajectoryscenarios

Why Scenario is Feasible

Battery costs continue to decline and vehicles are
No Policy | Growth in electric vehicle adoption | nearing cost parity with ICEVs, suggesting that
Change continues at historical rates. electric vehicle adoption will continue on its own,
even without policy intervention.

As witnessed in other cities, a strong role by

The City of Alexandria implements i - . . .
municipal governments can impact electric vehicle

strong City strong setof policies to support

Polic . . . ownership. The extent of the impact is highl
y adoption of electric vehicles. 1P P gnly
uncertain.
Strong In addition tothe City of Alexandria, A strong environmental policy by all levels of
. federal and state governments are S o
Multi-Level : o L government and by utilities could result in high levt
. deeply involved in incentivizing . ) .
Policy of electric vehicle adoption.

electric vehicle adoption.
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Figurel3shows the rate oklectric vehiclesales among new vehicle sal@sder the three scenarios.

The curves were designed to align with prior modeling work in other geographies (e.g., Williams et al.,
2012). Note that new vehicle sales share is used for theiy rather than share of vehicle stock because
it is the most wilely reported and widely understood metric felectric vehicleadoption rates.

New EV Sales Rate

100%
90% ——No Policy Change

80% Strong City Policy

70% Strong Multi-Level Policy

60%

50%

40%

30%

20%

10%

o M

2010 2020 2030 2040 2050

Figurel3. Three possible pathways falectric vehicleadoption.

Future Charging Needs

Several organizations have created models to estimate the number of chargers needed in future years.

The most widely used models today are the-Ex ard EVAPro Lite tools developed by the National

Renewable Energy Laboratory in collaboration with the California Energy Commission (US DOE n.d.).

These toolsise detailed data on personal vehicle travel patterns, electric vehicle attributes, and

charging sation characteristics in bottorap simulations to estimate the quantity and type of charging
infrastructure necessary to support regional adoption of electric vehitlesse models have served as

the basis for several recent analyses, including a natiofraistructure analysis (US DOE 2017) and a

state-level planning analyses for California (CEC 2018). B8 [ AGS 4l & dzaSR FT2NJ ! £ S|
below.

Other models assess other aspects of charging infrastructure, including workplace charging and the
relative gap in necessary charging to support electric vehicle market growth. The University of
CalifornizDavis (2015) created the GIS Infrastructure Planning Toolbox to estimate the market
distribution of electric vehicles and site workplace and fasirgimg in California at a highly spatially
resolved level. The Red Line/Blue Line model created by the Electric Power Research Institute (2014)
calculates the number and locations of public and workplace charging stations to enable additional
electric vehtle miles traveled. Electrify America (2020) identifies a sugpigand gap based on a driver
behavior analysis in a metropolitan area.

Although uncertainty remainaboutthe ratio of vehicles to chargers that will ultimately support the
expectedelectricvehiclepopulation in Alexandria, estimates are neededrtost efficiently allocate city
resources and ensure partnerships and planning. Below, this document quantifies the amount of
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charging infrastructure required to serve the growing Alexaneliéatricvehiclemarket at a local level
through 2050.

Methodology

The three adoption scenarios outlinedkigurel3were used to estimate the number of residential,
workplace, and public chargers, as well as the cumulative cost of the chargers and the electricity load
from electric vehicls using those chgers. The number of residential Letednd LeveR chargers is
determined by an equation:

YQ; 0hz0z0

Where:
Regy, = The number of residential chargersladvelj in yeary. Levelj can be eithetevell
or Level2 chargers.
EV\ = The eéctric vehicle population ineary in Alexandria (taken frorfigurel3).
L = The fraction of residential chargers that are either Ldvet LeveR. The default
value forLis set at 33% for Levilchargers and 67% for LeZethargers.
H = The number of owar-occupied households that have access to a garage or

carportper vehicle in Alexandria, as determined using the American Housing
Survey .S CensuBureau202m). A simplifying assumption is that Alexandria
has the same ratio of housing stoekh a gaage or carport as the entire
Washington DC area, by housing type (renter versus owner occupied, detached
versus multiunit; U.S CensuBureau2020g).

The number of workplace Leva| public Leve?, and DCFCs was estimated usingFEYILite. Because
Alexandria is not listed in the EXro default édtabase, this study used the Washington DC metro area
as a proxy. For each charger typeesidential Level, residential Leveld, workplacelLevel2, public

Level2, and DCFCthis study developed curves showthe relationship between electric vehicle
population and number of chargers.

The nergy consumptiorfin kilowatthours)for each charger typwas estimated using a set of
assumptions outlined iffable4. The bottom row of each section in the table gives the calculated daily
kilowatt-hours based on these assumptions. All other valu@salrie4 are averages consistent with
measured data of charging statiortid§ DOR018) Actual charging use may vary depending on a
number of factors not considered in this analysiste thatall valuesshown in thetable are from the
perspective of single charger and can be multiplied by the number of chargers to estimate an
aggregate energy consumption from lgiht-duty vehicles

Table4. Assumptions and calculated daily energy consumption (kWh), by charger type and year.

Residential evel2 Charger Welnputs 2015 2020 2030 2040 2050
Annual Growth Rate Sessions/Day 0%

Sessions Per Day (#) 1 1 1 1 1
AwverageCharging Power (kW) 5 5 5 5 5
Time of Sessions (hrs.) 3.5 3.5 3.5 3.5 3.5
Daily Energy Consumption (kWh) 17.5 17.5 17.5 17.5 175
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Residential evel 1 Charger Welnputs 2015 2020 2030 2040 2050
Annual Growth Rate Sessions/Day 0%

Sessions Per Day (#) 1 1 1 1 1
Awerage Charging Power (kW) 1.9 1.9 1.9 1.9 1.9
Time of Sessions (hrs.) 8 8 8 8 8
Daily Energy Consumption (kWh) 15.2 15.2 15.2 15.2 15.2
Workplace kevel2 Charger Welnputs 2015 2020 2030 2040 2050
AnnualGrowth Rate Sessions/Day 2%

Sessions Per Day (#) 1.2 1.3 1.6 1.9 2.2
Awerage Charging Power (kW) 5 5 5 5 5
Time of Sessions (hrs.) 4 4 4 4 4
Daily Energy Consumption (kWh) 24.0 26.2 31.4 37.5 44.8
Public level 2 Charger delnputs 2015 2020 2030 2040 2050
Annual Growth Rate Sessions/Day 2%

Sessions Per Day (#) 4 4.4 5.4 6.6 8.0
AwverageCharging Power (kW) 5 5 5 5 5
Time of Sessions (hrs.) 2 2 2 2 2
Daily Energy Consumption (kWh) 40.0 44.2 53.8 65.6 80.0
Public DECUseInputs 2015 2020 2030 2040 2050
Annual Growth Rate Sessions/Day 11%

Annual Growth in AeragePower 5%

Annual Reduction in Time of Session -3%

First Year Sessions Per Day (#) 6 10.1 28.7 81.5 2314
Awverage Charging Power (kW) 45 63.3 103.3 143.3 183.3
Time of Sessions (hrs.) 0.25 0.21 0.16 0.12 0.09
Daily Energy Consumption (kWh) 67.5 137.3 469.2 1,363.2 3,651.3

Note that several factors about expected future shifts in charging behavior and charging technology
were incorporated into the assumptions Trable4:

1 More public and vorkplace chargingAselectric vehicleadopters shift fromnnovatorsto Early
Adoptersto Early Majoritiesthe share of electric vehicle owners who charge at home will likely
decline and the share of electric vehicle owners who charge at public and workplace chargers
will increase.

1 Greaterstation usage The number of electric vehicles supported by each ghais anticipated
to increaseaselectric vehicladrivers grow accustomed to stations. ICCT (2019) estimates that
by 2025, public Lev@l chargers will be usegb%more than in 2020 and DCFCs will be u88%
more.

9 Larger stationsThere are 2.7 plugs peublicstation on average in AlexandiiseeTable2). As
electric vehicleadoption grows, charging stations will likely get larger. This trend is already
evident in eading U.S. cities. For example, in Sanddise U.S. city with the highestectric
vehiclesales share the estimate is 6 plugs per station, more than twice that of Alexandria. In
California as a whole, there are 3.9 plugs per station.

9 Faster chargingThe majority of current DCFCs are rated at a power output d\80This is the
maximum power level accepted by the majoritystéctric vehicls.In the future, charging
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speeds are expected iacrease. Electrify America, one of the largest charging station providers
in the country, is building stations rated up to 384.

Results: Charging Gap in Alexandria

Figurel4 gives the estimated charging needs in Alexandria for the three adoption scenarios from today
until 2050. The majority of future chargers are expected to be residential Peged to a lessezxtent
residential Level. Workplace Levé chargers comprise the next largest group, followed by public
Level2 and finally DCFCs, which are not visible in the figure due to the scale. Numerical values from
Figurel4 are shown in a table in Appendix E. This gap analysis provides several insights:

1 Charging gap todayThis study suggests a need for 16 public L2\alid five public DCFC

NESNE o0l &SR ic#ehicldippprlatid®onQAs ndietl @hapieN3 Alexandria
currentlyhas 24publicly accessiblehargers (23 Levelplugsand one DCFglug). Thus,

Alexandria has eomfortable number of public Lev2lbut fewer DCFC plugs than needed.

1 Gap in 2025By 2025, Alexandria needs approximately 33 public Lpkigs and 11 DCFC
plugs (i.e., the city should add 9 additional Level 2 plugs and 10 DCFC plugs). This uggest th
need to focus on DCFC deployment as a+ean objective.

1 Residential charging priorityHectric vehicleowners have anavill likely continue to prefer to
charge at home. As shownkigurel4, residential charging infrastructure is the most important
type of infrastructure across all scenarios. This result is driven partly by assumptions used in this
study and partly by the housing stock within Alexandria.

1 Gap in 2050In the longterm, the need for public charging in Alexandria is estimated to be
between 25 to 650 public Lev@ chargers and 75 to 210 DCFC chargers.

cht

No Policy Change Strong City Policy Strong MultiLevel Policy
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5 15,000 g 15,000 Workplace Level 215 000 bubiic Level 2
- ® Public Level 2 m Public Level 2
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Figurel4. Needed number of plugs to suppodiectric vehicles in three scenarioSee Appendix E for numerical valt

in graph.
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Future Electricity Load from EVs

Figurel5 presents estimates of the power consumption, by charger tygethe additional electricity

needed to chargelectric vehicls in the future. These estimates are in addition to existing community
load for other services such as buildings and industry (not shown). The figure uses simple assumptions
about power consurption, sessions per day, and shifts in charging behavior over the coming decades.

The figure provides two key insights. First, althol@FCs are the rarest plyge now and projected
into the future, they also provide the greatest power consumption. This finding is driven by the fact that
DCFC stations supply power at much higher levels than LerdlevePR stations. The rated poweevel
of DCFC stations is expected to increase substantially in the future above kNé 80most plugs today.
Additionally, station use of DCFC plugs (the numbeteiitric vehicls served per day) is currently
higher than for most other plug types argléxpected to grow much faster in the future. A second
insight fromFigurel5is the estimated overall level of electricity needed to sezlextric vehicls in
Alexandia. At the high end in the Strong Multevel Policy scenario, the city could need an additional
1,200MWh per day just for its lightluty electric vehicle population. If this load were left unmanaged
and consumed evenly throughout the day, the city woudekd, at minimum, an estimated additional
~50MW of power (1,200MWh per day / 24 hours per day).
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Strong MultiLevel Policy
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Figurel5. Estimated power consumption per day (MWh), by scenario and charger type.
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